Several commercially available infrared analysers used to monitor levels of waste anaesthetic agent levels in operating theatres have been evaluated with respect to their specified accuracy, linearity and level of sensitivity.
such as gas chromatography, mass spectrometry and infrared spectroscopy. Mass spectrometry is highly specialised, is expensive to install, and lacks sensitivity, whereas gas chromatography provides a relatively inexpensive off-line facility but lacks versatility, and a problem exists with column specificity.
Infrared spectroscopic instrumentation was chosen because it allows reasonably sensitive, simple, portable, on-line measurement of the levels of waste anaesthetic agents. The principle of operation of the analysers is absorption of infrared energy at a specific wavelength for the gas under analysis (an example is given in Figure 1 ). A pump continuously samples air and passes it through the gas cell of the analyser. The infrared radiant energy interacts in the molecules of the gas to be tested in the air sample, and hence reduces the amount of filtered infrared light reaching the detector. Variation in amount of gas in the continuous air sample is proportional to the quantities of infrared energy absorbed in the sampling cell, and sensed by the detector. This is amplified and displayed on a meter as either absorbance or, where the instrument has been linearised and factory calibrated, in parts per million (ppm). This article deals with infrared analysers which are commercially available in Australia.
GAS ANALYSERS EVALUATED This study is an evaluation of the accuracy, linearity and sensitivity of four currently available infrared analysis systems.
1. MIRAN MODEL lA GAS ANALYSER (diagrammatically shown in Figure 1 ) is one of the most versatile analysers commercially available. It is a single beam, variable wave length spectrophotometer, which can automatically or manually scan the infrared spectrum from 2.5 to 14.5 microns. The gas cell, which is 5.6 litres in capacity, has a variable optical pathlength of from 0.75 to 20.25 metres. The analyser is equipped with a pump for drawing air samples up to rate of 70 litres per minute. The meter readout is in absorbance units and requires calibration for each sample wavelength to convert absorbance to concentration units of ppm. Over the period of testing, two separate Miran lA gas analysers were used for the measurement of halothane. The calibration characteristics of the Miran analysers used were determined for halothane in the range of 0-10 ppm at 12 different concentrations and a wave-length of 8.5 microns.
2. MIRAN MODEL 101 is one of several specific gas or vapour analysers. It contains a fixed filter which sets the optical wavelength to specific values, has a fixed pathlength and is factory linearised and calibrated in ppm for the specified gas or vapour. The Miran Model 101 Nitrous Oxide Analyser is set at a specific wavelength of 4.45 microns to determine levels of this gas over two different ranges; the higher concentration range is 0-300 ppm, the lower concentration range is 0-30 ppm. Linearity of the direct reading scale of the Miran 101 Nitrous Oxide gas analyser was determined for both the high and low scale ranges.
3. THE MIRAN MODEL 103 ANAL YSER has the flexibility of interchangeable filters and meter scale sets for measuring a wide variety of gases. Two Miran Model 103 analysers were tested. One had been set up to measure nitrous oxide in the ranges of 0-30 ppm and 0-300 ppm, and the other to measure halothane in the ranges of 0-10 ppm and 0-100 ppm. * The linearity of the direct reading scales of the Miran Model 103 range was determined.
4. CA VITRON-ANARAD EM-30 MULTI-CHANNEL NITROUS OXIDE ANAL YSER measures nitrous oxide levels continuously or intermittently in the range 0 to 200 ppm with chart recording in the range of 0 to 50 ppm, with a capacity to automatically scan and monitor eight locations and with added facilities for calibration at zero and 200 ppm concentrations. A comparison was made between the Cavitron Nitrous Oxide Analyser and the Miran Model lA Gas Analyser, which had previously been calibrated for nitrous oxide, over the range of 0-200 ppm.
CALIBRATION METHODS
Nitrous Oxide
Calibration of the Miran nitrous oxide analyser's direct reading scale was performed wi~h known concentrations of nitrous oxide by usmg a closed loop circulating system (see Figure 1 ). Using a gas-tight syringe, a known quantity of nitrous oxide was injected through a septum into the pump which then circulates the mixture through the cell. The volume injected was calculated as follows:
where C = desired concentration level in ppm; VI = the volume of the gas to be injected (microlitres); V 2 = the volume of the closedloop calibration system (litres).
This procedure was used for a range of 12 calibration concentrations between 4 and 300 ppm and was performed ten times over a three month testing period.
* Interchangeable filter and meter scale sets are available for most halogenated hydrocarbon anaesthetic agents. In our experience we found the halothane filter and meter scale insert set could be used for methoxyflurane and enflurane if a recalibration was performed in the laboratory.
Halothane
Calibration of the halothane analysers was similarly performed using a closed-loop system and diluted halothane injections. Air was chosen as the diluting medium because it shows no interference at the specified wavelength of 8.5 microns for halothane. * Pure halothane (10 microlitres) was injected into a gas-tight bottle (volume 555 ml), from which accurate aliquots were taken and injected into the closed-loop calibtation system. This gave a range of 13 calibration readings from 0-10 ppm halothane. This procedure was performed five times for each instrument over a three-month period. The concentration (in ppm) was determined by using the following formula where Ideal Gas Laws are assumed, and the total volume of the system is derived from the manufacturer's specification: DV RT 10 3 C(ppm) =-~x-~x-~
M P Vs
where V = sample volume in microlitres; Vs = total volume of cell and calibration system; D = liquid density; M = molecular weight of sample; RT IP = molar volume of gas (24.41 at 25 QC).
A calibration chart was obtained by plotting the concentration (ppm) against absorbance and drawing in the line of best fit computed by the method of least squares for a polynomial quadratic equation.
DATA ANALYSIS
The linearity for the direct reading scales on the analysers was determined by the method of least squares. The lines of best fit for the Miran Model 103 fitted with a nitrous oxide filter were computed for each range by using the method of least squares for a quadratic polynomial equation.
RESULTS

Reliability of Analysers:
For the Miran Model 101 Nitrous Oxide Analyser, the linear regression obtained for the low range was y = 1.01x + 0.4 (r = 0.99), and for the high range y = 1.01x + 0.01 (r = 0.99).
The graph of actual concentration (ppm) (plotted on the x-axis) versus the dial reading (plotted on the y-axis) for both the low (0-30 ·Since this time, the manufacturers have advised that halothane should be measured at 12.3 microns. ppm) and high (0.300 ppm) scale ranges is shown in Figure 2 with the line of best fit. The standard deviation for each concentration is shown for a total of ten separate calibrations. The plot of concentration (ppm) versus absorbance for both Miran Model lA analysers is shown in Figures 6 and 7 with the line of best fit.
The comparison between the Cavitron Nitrous Oxide Analyser and the Miran lA Gas Analyser, which had previously been calibrated for nitrous oxide, over the range of 0-200 ppm, is shown in Figure 8 . 
DISCUSSION
All the instruments tested, with the exception of the Miran Model 103 Nitrous Oxide Gas Analyser, displayed excellent response characteristics.
The Miran Model 103 Nitrous Oxide Gas Analyser tested had a systematic deviation from linearity, which would have led to high readings in the low range, and to low readings in the high range.
The readings of the factory calibrated nitrous oxide gas analysers were adequate in all ranges for measuring levels of nitrous oxide in scavenged operating theatres. The analysers, however, would be unsuitable for measuring high concentrations of nitrous oxide found in an un scavenged operating theatre or in a dental surgery where nitrous oxide was being used. However, this problem is overcome by employing the more versatile Miran Model lA calibrated for nitrous oxide in the required concentration range. The factory calibrated Miran halothane gas analysers were not suitable for readings in the low range for the recommended achievable standard of 0.5 ppm. The manufacturer's claim for the variation of baseline drift of 0.5 ppm for the Miran Model 103 Gas Analyser is realistic. Sensitivity in this range can only be achieved by using the Miran Model lA Gas Analyser which has a much larger optical pathlength, and has far superior baseline stability.
One of the problems encountered with the halothane analyser is a variety of commonly encountered vapours or gases in operating theatres which can interfere with the halothane reading, e.g. ethanol, freon, and methyl methacrylate. Further, the presence of ethrane will lead to exaggerated readings due to its higher extinction coefficient (absorbance of ethrane is several times that of halothane for similar concentrations). CONCLUSION Infrared analysis is a highly accurate and reliable method of on-line monitoring of pollutant anaesthetics in major hospitals.
